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Satellite Algorithms:  S





Eppley, 1972 



Eppley, 1972 
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“Everything is everywhere, but the environment selects*”.
Moisan et al., 2002 



Linking parameters to traits for diversity and acclimation
Model with 100 phytoplankton groups Gaussian Trait-based model (2-3 equations)



NASA Evolutionary Programming Analytic Center (NEPAC)



Rrs443/Rrs555
Rrs490/Rrs555
Rrs510/Rrs555



OC-4 chlorophyll a algorithm
V=log10( MAX[ Rrs(λ443), Rrs(λ490), Rrs(λ510) ] / Rrs(λ555) )

log10(Chla)=(a0 + a1V + a2V2 + a3V3 + a4V4)





Rrs443/Rrs555
Rrs490/Rrs555
Rrs510/Rrs555







• How to create a program that can manipulate 
ANY equation, including ones with 
observations, free parameters, and functions 
or operators such as “+”, “-”, “*”, “/”, and even 
items such as Booleans “IF/THEN”, etc?













Genetic Programming Overview
1) Generate initial random population of equations/models
2) Calculate fitness of all individual equations/model

– Strip out all model/equations parameters
– Carry out Genetic Algorithm Optimization
– Finish off with localized LMDIF Optimization

3) Randomly select, based on fitness, for:
– Asexual reproduction
– Sexual reproduction (i.e. Tournament Selection)
– Mutations

4) Calculate fitness of new individuals (same as 2 above)
5) Test for completion criteria (low SSE value met?)
6) No: go to 3; Yes: end program





Simple Lotka-Volterra Model
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Case 12: GP_Tree_All_SSE
n_GP_Generations=304
n_GP_Individuals=1000
MAPE metric
No Bootstrapping (BS)
# of parameters in best tree: 9
Best SSE Tree (gen. = 238 , ind. = 1)
Best MAPE Tree (gen. = 206 , ind. = 614)

GPCODE Chla algorithms using IOCCG data for training



GPCODE chla algorithms using IOCCG  data













NEPAC Status
• Front-End at beta-test stage
• Working to link algorithm codes to ocean color processing software
• GPCODE has been modified:

– Bootstrapping
– Optimizing tree diversity through entropy.
– Maximum Probability Regression.

• Started testing multiple satellite data sets
• Two summer interns è Prim. Prod. Archive.
• Growing interest to compare blended satellite products with observations.
• Obtaining training data sets for hyperspectral algorithms (2021 IRAD)
• Seeking funding for phytoplankton pigment and functional type alg.



Ocean Color Hyperspectral Inverse Modeling Results
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Detecting trends in phytoplankton diversity and biomassd,e,f Global trend in diatoms [Theil-Sen slope % decade-1]a

https://doi.org/10.3389/fmars.2020.567445


Computationally
challenging

Requires in situ and 
satellite obs. 
Simple application.
Uncertainty estimates
can improve algorithms.

Gathering in situ and
satellite observations
Simple application

Ongoing efforts at specific locations

Very abstract.  Can make use of 
genomic obs.  Merges two lines of 
ecosystem modeling.  Aligns itself to 
broader questions regarding existence 
of “life” in terms of ecosystems.


